Background: Access to pediatric antiretroviral formulations is increasing in resource-limited countries, however adult FDCs are still commonly used by antiretroviral therapy (ART) programs. Objective: To describe long-term effectiveness of using adult FDC of d4T+3TC+NVP (Triomune) in children for HIV treatment. Methods: Clinical, immunologic, and virologic outcomes of HIV-infected ART-naïve children aged six months to 12 years, were evaluated up to 96 weeks post-ART initiation. Results: From March 2004 to June 2006, 104 children were followed with a median age of 5.4 years, median CD4 cell percent and HIV-1 RNA were 11.0% (IQR 6.7-13.9) and 348,846copies/mL (IQR 160,941-681,313) respectively at baseline. Using Kaplan-Meir estimates, 75% of children had undetectable viral loads (<400copies/mL) at 96weeks of ART. Children with a baseline CD4 cell percent >15% were 3 times more likely to achieve viral load <400copies/mL than those with baseline CD4 cell percent <5% after adjusting for baseline age {aHR = 3.03 (1.10-8.32), p=0.03}; no difference was found among those with CD4 cell percent >5-14.9% and <5%. Conclusion: Treatment with generic adult FDC for HIV-infected Ugandan children led to sustained clinical, immunologic and virologic response during 96 weeks of ART. Early initiation of ART is key to achieving virological success.
Introduction
Ninety percent of the estimated two million HIVinfected children worldwide in 2009 lived in subSaharan Africa and an estimated 370,000 are infected annually 1 . Where available, access to HIV care and treatment has improved the survival and the overall quality of life of HIV-infected children 2, 3 . In addition, the limited infrastructure for treatment of HIVinfected children, including access to early infant HIV diagnosis, availability of trained health staff to deliver paediatric services, and inadequate tools for monitoring ART have made scale up of paediatric ART lag behind the expansion of adult programs 4 .
The long-term effectiveness of generic adult fixed-dose combination antiretroviral therapy for HIV-infected Ugandan children . Although over 260,000 HIV-infected individuals are on HAART in Uganda, fewer than 22,000 (8%) are children <15 years of age 5 . While the price of antiretroviral drugs has significantly decreased due to competition from generic drug manufacturers, pediatric drug formulations still cost up to ten times more than adult formulations for the same drug regimens 6 . While pediatric fixed dose combination are now steadily becoming available in resource-limited settings, adult FDCs are still being used to treat children especially in rural areas. Triomune, an adult generic fixed dose combination (FDC) tablet manufactured by CIPLA, India is widely available and used in many ART programs. Studies in subSaharan Africa have found good clinical and immunologic outcomes among children who received adult FDCs followed for 6 to 12 months [7] [8] [9] [10] . However, few studies have reported virologic outcomes in resource-limited settings, beyond 6-12 months of treatment 8, 9, 11, 12 . Concerns have been raised about the effectiveness of these adult formulations for the treatment of HIV-infected children and long-term virologic data is limited. The objective of our study was to assess the long-term effectiveness of using Triomune, an adult FDC tablet, in the treatment of HIV-infected children by monitoring their clinical, immunologic and virologic treatment outcomes over a 96-week period.
Methods

Participant selection
Participants were HIV-infected children who were enrolled between March 2004 and May 2006 in a pediatric ART program, which was funded by the Elizabeth Glaser Pediatric AIDS Foundation International Leadership Award, at Makerere University-Johns Hopkins University Research Collaboration (MU-JHU) Kampala, Uganda. Children between 6 months and 12 years of age were screened for HAART eligibility at the MU-JHU clinic as described in detail elsewhere 13 . Prior to HAART initiation, all children and their caregivers were assessed for psychosocial and behavioral readiness, and education on adherence to care and treatment was provided over the course of three sessions. Those children who did not meet the ART eligibility criteria were referred back to Mulago Hospital for follow-up and care.
Upon determination of HAART eligibility and completion of the 3 pre-enrollment visits (described above), children received either a FDC (Triomune 30 [30mg d4T, 150mg 3TC, 200mg  NVP] or Triomune 40 [40mg d4T, 150mg 3TC, 200mg NVP]), or syrup formulation of d4T or zidovudine (AZT) + 3TC + NVP/EFV. Some of the children enrolled in the program were co-enrolled in a study that has been previously reported that was assessing the effectiveness of NVP based regimens in children who have and have not been exposed to single dose NVP at birth 13 . The study was reviewed and approved by the Makerere University Faculty of Medicine institutional review board 13 . For those co-enrolled in the study, informed consent was obtained from parent/caretaker before any study procedures were conducted, however written assent was not obtained from the children since it was not a requirement by the IRB at that time. For the present analysis, only the children initiated on the FDCs were included. Children who were initiated on syrup formulations or a zidovudine-containing regimen were excluded from this analysis. The Triomune tablet was dosed based on the child's weight (table1) 13 . These weight bands were developed prior to the 2006 WHO dosing guidelines for children in resource-constrained settings 13, 14 . The tablets were either halved or quartered and were precut by the staff pharmacist with a pill cutter. In January 2007, the children on a quarter tablet were switched to half a tablet due to results from a pharmacokinetic study 15 . Children who developed a rash due to NVP hypersensitivity stopped Triomune and were switched to an alternative regimen that included efavirenz (EFV). A child was considered to have failed therapy if there was inadequate weight gain and or increasing WHO clinical staging and or a greater than 30% decline in CD4 cell count/percent > 12 weeks after start of Triomune therapy 16 . The presence of detectable viral load did not lead to change of therapy if the child was clinically stable and the CD4 cell count was not declining. However, all these decisions were made in consultation with the study team and the consultants. For this analysis, virologic failure was defined as two viral loads >400 copies/ml after 24 weeks of ART. Only those who failed first-line regimen of Triomune (with both clinical and virologic failure) were changed to a second line regimen [abacavir (ABC) + didanosine (DDI) + lopinavir/ritonavir (LPV/r)]. None of the children were switched to second line therapy during the 96-week period due recommended guidelines at the time, where a child could remain on a failing regimen as long as s/he was clinically stable and immunologically responding to therapy due to limited second line treatment options. Following HAART initiation, children were followed at clinic visits scheduled every week for the first month, every two weeks for the second month, and then every four weeks until 48 weeks, and thereafter every 12 weeks until 96 weeks. At each follow-up visit, anthropometric measurements were recorded and a physical exam was performed, as was clinical staging based on the 2003 WHO staging for infants and children 14 . Children also received multivitamins, cotrimoxazole prophylaxis, and free medication for all acute illnesses. Caregivers and children with partial or full disclosure, received adherence counseling at each scheduled follow-up visit. Patients and caregivers were reminded about adherence to treatment and occasionally home visits were made if a problem with adherence was identified. Caregivers were provided with a 30-day supply of medication for their child each month.
Measurements
Drug Adherence: Adherence monitoring was conducted at each follow-up visit and was based on pill counts (dividing the actual number of pills taken by the number of pills prescribed) as presented elsewhere 17 . Additional adherence information was collected from children, depending on their developmental age and disclosure status. An adherence rate >95% was defined as acceptable [18] [19] [20] . Anthropometric measurements. Height-for-age z score (HAZ) and weight-for-age z score (WAZ) were calculated using WHO growth standard reference ranges. Clinical response was analyzed only using HAZ and WAZ. Laboratory measurements. Participants had blood drawn at baseline for measurement of complete blood cell count (CBC), CD4 cell count/percent, liver transaminases (AST and ALT) and renal function (creatinine) tests, and plasma HIV-1 RNA. Blood was collected at follow-up visits for repeat CBCs, CD4 cell counts/percents, and plasma HIV-1 RNA levels at 12, 24, 36, 48, 72 and 96 weeks after HAART initiation. Toxicities were graded using the DAIDS Toxicity tables 2004. All laboratory tests were performed at the MU-JHU Core Lab, Kampala Uganda, which is certified by the College of American Pathologists. CD4 cell counts/percents were assessed by BD FACSCalibur instrument (Becton, Dickinson & Company). Plasma HIV RNA levels were measured using the Amplicor HIV-1 Monitor test, version 1.5 Standard assay (Roche Company, Branchburg, New Jersey/USA). Plasma HIV-1 RNA levels >750,000 copies/mL were diluted and further assessed by dilution. HIV-1 RNA levels that were <400 copies/mL were considered undetectable for the purpose of this analysis.
Statistical analysis
All data used for analysis were checked for accuracy and entered into a Microsoft Access database. Descriptive statistics were calculated including means, standard deviations, medians and inter-quartile ranges. Proportions and 95% confidence intervals (CI) of participant characteristics were calculated. HAZ and WAZ of participants were calculated, with respect to the WHO-based reference population of children of similar age and gender. For the present analysis, the primary endpoint was achievement of sustained viral load <400 copies/mL Estimates of conditional probabilities of achieving this endpoint through 96 weeks following initiation of antiretroviral treatment were calculated using Kaplan-Meier (K-M) statistics. Differences between K-M curves were assessed for statistical significance using the log-rank test. Cox regression analyses were used to indicate the hazard ratios (HR) associated with baseline characteristics. All statistical analyses were assessed for statistical significance at ?=0.05. All statistical analyses were performed using STATA Version 10 (StataCorp. (figure 1) One hundred were not eligible to start HAART mostly due to high CD4 cell count count/ percent. Other reasons for ineligibility in descending order were active tuberculosis infection, nondisclosure, HIV negative, weight below 10 kg, death, psychosocial issue thought to potentially affect adherence, and failure to return to clinic. Of the 130 children who were enrolled into the parent ART program, 26 were initiated on a syrup formulation of d4T/AZT + 3TC + NVP due to a baseline weight <10kg and were thus excluded from the present analysis. Virologic response to treatment Using K-M estimations 44% of children achieved sustained undetectable HIV RNA levels (< 400 copies per mL) by 12 weeks following HAART initiation and by 96 weeks approximately threequarters(75%) of children had undetectable HIV RNA levels (figure 2a). Overall, the median time to initial sustained viral suppression (<400 copies/mL) was 24 weeks (95% CI 12-24). The median time to achieve viral suppression was similar regardless of age. Children with baseline CD4 cell >15% had a median survival time to undetectable VL that was significantly lower than that of children with baseline CD4 cell <5% or 5-14.9% (p value for log rank test for trend = 0.02) (figure 2b). 
Results
Participant characteristics
Immunologic response to treatment
The overall median CD4 cell percent increased from 11% (baseline) to 30% by 96 weeks post-HAART initiation (p<0.001). Median (IQR) CD4 cell percent at 24, 48, and 96 weeks was 23.5% (15.9-30.6); 29% (22.0-34.0); and 30% (25.0-36.0), respectively. Sixty percent of the children with a baseline CD4 cell percent <5% achieved a CD4 cell percent increase above 20% by 24 weeks (figure 3a) . This finding persisted through to 96 weeks of follow-up. In addition, children with a baseline CD4 cell percent <5% took a median time of 72 weeks to achieve a CD4 cell percent >20% compared to 12 weeks for those above 5% (p<0.001). There was a gradual increase in the mean CD4 cell percent over time with the most rapid increase occurring within first 12 weeks of therapy (figure 3b). Median increase in CD4 cell count between 0-12 weeks, 12-24 weeks, 24-48 weeks and 48-96 weeks was 7.3%, 4.6%, 5.3%, and 7.7% respectively. When the baseline CD4 cell percent was <5% the median increase was modest with only a 6.1%, 0.8%, 9.0%, 3.0% rise respectively. 
Adherence to HAART
The proportion of children who achieved >95% adherence at 24, 48, and 72 weeks was 96%, 91%, and 93%, respectively, based on clinic pill counts. The overall adherence rate was >95% in 90% (2555/ 2839) of the child visits.
Multivariate analysis
Children with a baseline CD4 cell percent greater than 15% were 3.0 times more likely to achieve virologic success (<400 copies per mL) than those who were severely immune suppressed(CD4 cell percent <5%) [table 3]. All other factors were not associated with virologic success.
Adverse events and mortality
Five children had adverse reactions of whom four presented with a NVP hypersensitivity rash (4%), all of which were < grade 2 and one with a grade 4 hepatitis (1%). Elevated liver transaminases were reported in 3 other children, however all 3 were < grade 2. There was one child who development acute renal failure and subsequently died but no other renal abnormalities were documented. A few children (4/104) developed anemia which was >grade 2, and all resolved. During the study, 6% (6/104) of the children initiated on Triomune died. Of these, four deaths were within the first 12 weeks of HAART; their baseline CD4 cell percent ranged from 0.4% to 7.8%. The other two deaths occurred after 44 and 56 weeks on therapy, respectively. The causes of death included toxoplasmosis, malaria, pneumonia, renal failure and severe diarrhea with dehydration. 
Discussion
Our findings from a pediatric HIV treatment program in a resource limited-setting show a good response to the long-term use of an adult FDC regimen with doses modified according to the children's weight. Our data demonstrate that pediatric HAART using generic adult FDC can be effective in a resource-limited settings, if other options are not available. The majority of children demonstrated satisfactory clinical, immunologic, and virologic response to antiretroviral treatment, noted as early as 12 weeks after initiation of HAART and sustained throughout the 96 weeks of follow-up. Over 75% of the children had viral log copies > 5.0 at baseline and after 12 weeks of HAART 66% of the children had an undetectable viral load (<400 copies per mL). These findings are consistent with the other studies findings which have shown that HAART with generic adult FDC are safe and effective for HIV-infected children in resource limited settings, despite initiation of treatment during advanced stages of the disease 7, 11, 12, 21 . Among the children who failed therapy in the study, caregiver, and age were not significant risk factors for virologic failure in this study group. However, all children with virologic failure had significant clinical and immunologic improvement. These findings confirm similar observations in prior studies 22, 23, 24 . Without access to viral load monitoring, those children who had virological failure would have appeared to be adequately responding to first-line ART, since all those who had virological failure had a good immunologic response. None of the children with detectable viral loads were switched to secondline therapy during the 96 weeks since all maintained a good immunologic response. More data are needed on long-term virologic response of children on ART in resource-limited settings.
As previously reported, we found that clinical monitoring for weight and height growth gains during HAART was useful and demonstrated that growth gains paralleled viral load and CD4 cell count improvements 25 . Anthropometric measurements are obtainable in most clinical settings and are therefore particularly useful in monitoring the initial response to ART in pediatric patients where immunologic and virologic monitoring may not be available. However, anthropometric measurements should be used in collaboration with immunologic monitoring because they are not a good predictor of treatment failure. Several prior studies of children on HAART in subSaharan Africa have demonstrated significant clinical outcomes (growth and CD4 cell) after 12 months on treatment 7, 8, 26 . The children in this study cohort also showed significant improvement in growth. However, this study did not include new WHO stage 3 and 4 events in the analysis for clinical response.
To prevent early mortality in children under 24 months of age WHO currently recommends that ART should be initiated early regardless of CD4 cell count 27 . This study also demonstrates that after 96 weeks of ART, children who were initiated with baseline CD4>15% had a significantly higher probability of achieving virologic success compared to those with CD4<5%. In addition there appears to be poor immunologic reconstitution among the children who initiated ART with CD4 cell count <5%. These findings are similar to those reported in another Ugandan cohort of children which reported poor CD4 recovery compared to those in United Kingdom/Ireland probably due to lower CD4 cell count at ART initiation 28 A recent study from Thailand also reported that children with low CD4 percent and wasting at baseline were at high risk of mortality during the first 6 months of therapy 21 . These findings support the 2010 WHO recommendation of initiation of ART for children between 24-59 months at CD4<25% and those 5 years and older at CD4 absolute count<350 cells/ mm 3 , which was based on longitudinal data 29, 30 . Overall adherence to treatment based on pill counts was high, as previously reported 17 . The majority of children initiating HAART had good adherence (>95%) when estimated by caretaker self-report 17 . Given the high rate of adherence, we could not examine the effect of poor adherence on virologic failure.
The use of adult FDC drugs in children also has some challenges. Since the tablets are formulated for adults, they must be halved or quartered in order to facilitate the appropriate dosing and therefore increase the risk of under or overdosing. A study of children in Malawi and Zambia showed that those who received quarter or half tablets of FDC were more frequently under dosed with NVP than children who received the whole tablet 15 . The investigators concluded that dividing FDC Triomune should be used with caution to avoid inappropriate dosing and that further study is needed on the effects of malnutrition on NVP pharmacokinetics in children. However in Thailand, good virologic and immunologic response as well as appropriate NVP exposure has been reported among children treated with adult fixed dose combinations of stavudine, lamivudine, and nevirapine (GPO-VIR) 31 . In spite of the disadvantages of using adult FDC to treat children, our data show that children can be effectively treated with adult FDC up to 96 weeks of treatment. Previous studies have reported good clinical and immunologic responses to HAART, but few have included virologic response.
While this study shows that adult generic FDC ART is feasible and effective for treatment of HIV infected children there is still an urgent need to increase access to new pediatric FDC formulations 32 . WHO currently has several generic pediatric FDCs on their pre-qualified drug list. in various combinations 33 . Studies are needed to determine the long-term effectiveness and benefits of new pediatric FDC. Until pediatric FDC become widely available and as long as syrup formulations are not readily accessible due to their higher costs and relative complexity in use, adult FDC regimens can be a life saving and effective treatment for HIV-infected children in resource limited settings.
Conclusion
The use of generic adult FDC for treatment of HIVinfected Ugandan children was effective and led to sustained clinical, immunologic and virologic response during 96 weeks of antiretroviral therapy. Early initiation of ART is key to achieving both immunologic and virologic success.
